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1.0 INTROOrOTION 


1.1 Pnrpo.-'o - riif piirposi' ol this r».*porL is to prcsiMit t!u' 
results of i con t ;imi nul ion inalysis on t lu* Dolenso Support Pro- 
gram (OSP) salollito during launch and deployment by the Space 
Transportat ion System (STSl. This report presents the predicted 
contaminant deposition on ciitical OSP surfaces during the period 
soon after 1 aunch when the USl’ is in the Shuttle Orhiter bay with 
tl'.c doors closed, the bay-doors open. >iUei during initial deploy- 
ment. Adel i t i onn 1 1 y , a six sided box was placed at the spact'craft 
position to i)btain tlirectional contaminant flux information for 

a general payload while in the bay and during deployment. 

1.2 Scope - Tlu* analysis included contaminat ion sources 
from tlu Shuttle Orhiter, ll'S and cradle, the DSP sensor and 
the DSP support package. 

During the period in bav-iloors closed (one hour duration*, 
the outgassing from all surfaces in the payloail bay including the 
ITS and spact'craft were considered • sources. During the peritnl 
in bay-doors open (2 hours tluration), additional sources in the 
form of V(kS engines ami return flux of contaminants were con- 
sitlercd. During deployment (~15 minutes), only Shuttle th'niter 
fluxes on DSP critical surfaces were consiiiered. 

Critical surfaces (15 total) on the DSP that wt're evaUiated 

are : 

a) four second surface thermal mirror panels on t'ae V.’71 
sensor (Two of tlu' mirror panels encompass the photo- 
electric cell 1 ‘adiators); 
h') star sensors (2'f; 

c) cylindrical solar panels (T c|uadr ints); 

d) Radec ABh Systems aiul 

e) four surfaces perpendicular to the long axis t'f the 
spacecraft near the ABl. strea. 

Off nominal periods of 'f . 5 hours in hay-doors closed and 24 hours 
in hay-doors open were also assessed. The variation in return 
flux during the in bay-doors open period for small attitude 
changes was evaluatid. 

1.3 Approach - I’he approach taken for this study was to 

ut i 1 i?,e an existing DSP con f i gurat i on used on a previous similar 
SLudy and the Shuttle Orhiter con 1 igurat ion and data banks as 


1 


contnint'cl in tin. Shut t Ic/ Pay loncl Contamination Evaluation 
(SPACE') Pn'grani. In addition, .sots ol vacuum system equations 
were utilized in perfi^rming the in bay-doors closed analysis. 

The comparison betv;een the present study and .1 previous 
study performe-d 2 years ago is shov.-n in Figure 1, The source 
characteristics and analysis techniques have been improved for 
the present study. \vlierev«.r possible, direct test results have 
been incorporated. 

1 . 't Siimniar y - Potential deposition levels on specific 
sensor surfaces were evaluated and the results indicate: 

• maximum baseline deposition on any critical surfaces 
is approximately lOX; 

• DSP surfaces were warm enough to prevent net deposits 
of : 

early desorption products, 
cabin leakage, 

flash evaporator exhaust and 
major portions of engine exha\ist; 

• \’CS engine deposits were less than iX; 

• trajor deposition occurred during the in bay-doors closed 
period and the in bay-doors open and 

• deployment is a relatively clean period--deposits less 
tb.an iX. 

2.0 MODE it: I) COXFICPRATIOXS 

2.1 Mode 1 ing Approach - The spacecraft and Shuttle Orbiter 
v'cre modeled on a CDC 6000 series computer in terms of basic 
geometric shapes. The relations between the DSP critical sur- 
faces and all other DSP, TUS and Shuttle surfaces were calcul iUhI 
at all relative positions modeled. The basic Shuttle Orbiter 
configuration used is as presented in detail in the "Sliuttle/ 
Payload Contamination Evaluation Program" Users Manual, MCR-77- 
106, April 1977. The only changes made for this analysis were in 
the payload bay liner nodal structure which was increased fn'n S t 
16 nodes and the payload filters were included in the payload 
bay liner. These changes were required for improved resolution 
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Contij.'r ir. at. ion Subcontr act St';dy 
DOD Space Transportation Si jdy ('STS; 
Payload Interface Support 't ;dy 
Janu.ary 1976, .MCR 76-12, MI.-AC 
0067671H, Martin .Marietta Aero: p.jce 

present ''Past Striies 


in ilo t I'mii n i vi».‘wt .u’t ors ;iiul J v.>r sIi;ulovi I'ons i (.iiTiil . 

.1.2 PSP (’on f i r,ur.il i on - I’iu* PSP s.itollito wns rL>pr».‘Sc*n 1 1 d 
by 33 surl.iCL's, ot \ohich voro cons Uii'i't'd as critical surlaccs. 
Otiicr surfaces not considered sensitive to contaminat i on v.-ere 
included ti> properly account lor the transport of cent aninant s . 
npure 2 shows the modeletl PSP con f i purat i on with the critical 
surfaces id«.’Utilied by ui>ile numbers lor relerence to tlu* tallow- 
ing con t am inat i on predictions. 

2.3 It’S Con I iyur at i on - The IPS CiUi 1 i purat i on was repre- 
sented bv a total i>t 2b surlaces. This number was sufficient 
lor outp,assine, source charac t «.’r i rat i on and shadowini: considera- 
tii'us. Fiy;uri' 3 shows a. computi'r drawn praidiic displays ol the 
IPS POP/NASA two stni;e con 1 i v;uraL i on used in this study. Al^o 
shown are the 2 dimensional cradle components and the IPS inte- 
grated with the PSP spacecrat t . 

2 . 1 nt c'v’P'a t «h 1 Pont iguration - The PSP positii'n in the 
Shuttle ih'biti'r bay is shown in Fivture . This relativ'e posi- 
t i i>n w;is usoil 1 v'l* t lu' in bav-doors- c K>sed an^l the in bay-^.ioiu*s 
c.pen analysis. 

2 , "i IK'p 1 i>\TK*n t Pos i t i ons - The fiSP/lPS (.ieployment >c‘iiue!UO' 
was suppliiil b\ NASA-dSP and is shown schemat i c a I 1 y in Figure 5. 
Viewfactors betwi'en tlu> PSP critical surfaces and the Shuttle 
tH'biter were calculatev.1 tor each ol these positions tor contami- 
nation predictions. 

S.O MISSION PROF! I, K 

5.1 Nominal MissitMi - The nominal mission protile detined 
lor this studv consisted ol throe major flight si'gments wiiich 

wi'i'i' : 


a^l 

IN BAY - IHH'tRS 

I'l (\SF.P 

ONE 

llOPK (SbOOs't 

b^ 

IN DAY - POt'iRS 

OPKN 

'HvO 

llOPRS (7 20lTs'l 

c't 

PKPl.OYMFNT 


‘M7 

SF.t'ONPS Ttn'Ah 


During all of these interval-, the Shuttle th*biter was held in a 
lixi'd attil uile (bav 'ovP,ving at thi* earth't ir. a t ixevl 7A.\’ miHie 
at .1 a iiegrei' beta angle. At this attituile, the v*.'locity 
vector is parallel to tlu* ShuttU’ Orb iter X axis. Ihe t«.’mp«.'ra- 
tures tor this attitiuh* were supplied by Kockwe I 1 Inteiauit ion.i 1 












STATION ONE 

STATION TWO 

STATION THREE 

STATION FOUR 

STATION FIVE 

69.5 SECONDS 

193 SECONDS 

387.5 SECONDS 

193 SECONDS 

74 SECONDS 

12 FEET 
ALONG z 

90 DEGREES 
ABOUT z 

180 DEGREES 
ABOUT -y 

90 DEGREES 
ABOUT -z 

13 FEET 
ALONG z 





1 1 • K.> riu' I'.ussi'.Mi aUitvult' 

,..r !vnh llu- cl.HH-. i/.m,vnl,uu km r.un„ 

i lux c a K’ u I at Lv''i^ > . 

3 .: Kff N.'niM.'l XissiMU - The ott mv.nl..,. I ■■•-i.si-n. mm- 

r ingoncy inoJos u',m'o u,Mino,l . 


a'' IN I^AY - POOUS 01 OSKP 
l-)> IN HAY - POORS Ol'EN 


•. . 5 HOrRS U .5i>xl0 

:a hours <,s.o-in10'^s> 


I \ -iritiulL' tar iHa oil nominal c.iso.'i voro Llio ^a..K 

rho attitnOo anJ aUUuiU i^i 

as t ho nom L n a I o a . 

An ..jjitio..,,! ..f._ ;i;rl'‘;;xUV'"N,^L'in"ii.K 

IhM angK' 'U' the 7 Hu- ,'i l •.',,'rin.il 

a is at »0 ,K-,.vo.s w,.h ,„;a ,:o ,l,.,raos. still 

i„ tlK. N-7. pl.a.o. att.K-U KM- 

v.n-iatK'P la i,-tmn . j ^ j,i llu- i ,>1 l.n, ia,i, t, - 

tho ShuttK- O.-1'itoi- ,m,i Ks pi-,-sc-at,.. lat.l 

su 1 1 s soo t i on . 

.0 RKsm s 

■ , itav-lVars .'U^soJ - In, .olianinp .malysK --'y/;;;';'' 

to o.tablisi. ihp U. bay-J,“ olo-uJ kmu .n-.itnat t.-n ;k,1u.k 

lor tho PSr. 

' 1 I r IV load Hav Rro ssaro:' - l o analy:-o Llu pa> . oa.. . a> 

Uoors .asi, li i t'sisls or ii a 

Lf ,-roo .noK-cular lUn,- . .-an, ‘ 'Y,,;';,":; ‘ a,.- Pavloa,! Iv.v 

ra.ulom, ,li.lMSO p.as nu.K.n . m < - tlu- 

aciuilibfiuni P»‘'ss.M-o, at i • ,, no y 0 

pros»..rl.:oa oabin l, a:,ap,- ..bu-h cons s s o. .. . U. ^ 

I'n Tho snociiioa loak rato is / Ih.^ 0a\ 
halt ol vhioh is assmmui lt> loak into tho 

tho rost into Uu oaioni.uta 

,-..o.nc<,nati,.as suppUa,, bv ISt vluab , I;;;; ',, " 

.spood o: tlu’ ,n-orb,'ard ,-,'n,U-.,-t a.K-,',a . llu. t- 

r = 0.03-'03 O.O.IS 


whoro 


o 


• n] 

I 


= bay input ( upper mid - fuse Inge) , Torr*m -s and 

= input betwtu'n liner and Orbiter bulkhead (lower miil- 
f use Inge). 

-3 3-1 

For the bny calculation, and = 11x10 Torr*m *s and the 
pressure is P = 8x10"'^ Torr. 


At these pressures, the mean free path of a molecuh' is on 
the order of centimeters as compared to several or tens of 
meters separating the surfaces in the payload bay. Because of 
this, a random gas mixing is assumed so that all surfaces in the 
bay can be impinged upon from all sources. The additional 
effect of gas release by surfaces and total mass loss by non- 
metallics would be to increase the overall pressure by a_^mall 
iimount. This gas load amounts to less than 0.3 Torr*l*s , v%'hieh 
is a small quantity compared to the cabin leakage. This was obtained 
by averaging the TML rates in Table I. 

To calculate the partial pressure of the volatile conden- 
sible material (VCM) , an additional pumping speed must be calcu- 
lated. This term accounts for tlie removal of the VCM by sur- 
faces that are cool relative to tlie VCM source material. To cal- 
culate the pumping speed, the impingement rate on a surface 
mu.^t be determined. 

The impingement rate on a surface area can be expressed as 


dN 1/4 V nA 
dt " 


where 


N = number of molecules, 

n = number density of gas, 

V = mean molecular speed and 
a 

A = pumping area of the surface. 
By definition, the mass flux 


Subs t i t u t i U}'. I hi' pj»'vious oxpii'ss i on I v>r il\ lil .iiui !' ' nkt 
iiUi' t lu' .tl>ovo rt' 1 . 1 1 i I'n ‘:h i p , this vii’I<ls 


Q - 1/'* V AI\ 

n 

Ki'oni this oxpivss i imi , tin* torm 1/n v A is llu> pnnipinp, spoi’i 
oi t hi' wnlls impinj'.i'il upon tor imi i comloiisat ion ooi* t ! i c i ont . 

This situation is soirn'Kli.it nnn 1 opons to ,i oryo-vnll oomli'ns i np 
out ^.isos in .1 v.u'nnni syslom .uul ropii'sonts n nonr mnxiimim onso 
U’hon cons i ilor in^ t ho \T;>! luoloonlos nro mi xoii with .i 1 nrs’.i'r nmonnt 
ol noncoiulons i h 1 1 ' j\,isos. Iho ronson i np, horo is lh.it iho Vt'M 
spooii's will ooiuionso out on surl.ioos noar 

hy sulwst i t ut i ni\ 


- I 

spi'i'il ospros 
S - V 

.1 

whor o 

A .iroa in sipriro oont imolors , 

T = ti'inporaturo in iloproi's Kolvin anil 

M - moli'oul.ir woipSu ol tho mo loon I o in prams por molo. 

i'* 

For air at K, tho pnmij>in}’, spooil is S = 11.7A tor a 

molocular woipht ol p*uiolo , Tor t lu' p.iyloaii hay situ.it ion, 
tho .iro.i of tho linor .iml p.iylo.ul is 2.02 \ 10*\'m‘ which rosnlts 
in an offoolivo pumpinp spooil of 

S = 2 . \ I ll * m • ;; 

for a molocul.ir woipht ol 2'1 p*ijiolo ' anil 1.27x11^* m *s ' lor a 
molocular woipht ol 10(1 };*molo . hoo.iuso tho pumpinp spooil is 
much larpor than tho linor lillor pumpinp spooil, tho prossuro 
oiiuation hooonu's 


in tho .iliovo ro I .it i onsh i p , t lu' pump i no 


I . . iJ' 

A hooomos S I A o 


2 ” M 


= l.h', A I- 




wlu*ro 


Q = Vt’M mass input rato to Iho bay volunu’. 

, 1 . Payloa).! Hay Sourcos - Tlio romainini; paramo tor to 
dotormino Is tho Vt'M input to tho payload Iviy voluiiu'. Tablo 1 
shows a compilation ot tho nonmotallics on tlu> lUS/DSP anil 
Shuttlo Orb it or utili;:od for this stuily. Whoro malorials data 
was unavailablo, tho y,onoral approach was to uso tho TMh/VCM 
nk'asuromont s mado on thi'si* malorials to osl imato mass loss 
rates, Tho staiulard I’Ml./VOM tost timo ot 2'* hours was usod to 
obtain an avora^o rato for tho TMh sourco tomporatuio ol 135 C 
and tho VCM rato for a colli'ctor plato at This data is 

curront ly tho only oxtonsivo data for nonmotallics that is per- 
formed unilor similar tost conditions. This approach results in 
a rato that is too low for initial vacuum exposure (tirst 1 to 3 
hours'! anil too hi^h lor rates at tho end ot 34 hours. Wherever 
possible, tho TML VCM data was replaced or augmented by actual 
test data on tho Pi'nmeta 1 1 ics in question so that the results 
would be as accurate as possible. 

An additional ronuiromont was to reduce the mass loss rate 
for t ompor.it uros ot tho nonmotallics other than tho standard 
TMh tost tomporaturo of 135 C, Testing was performed to do- 
tormino tho change in mass loss rates as a function of sourco 
tomporaturo for major sourcos. The testing was performed on 
Shuttlo Orbitor sourcos (bulkhead TC-1501H!, silver Teflon ad- 
hesive and a silicone usod on electrical connectors'! and on 
major payload sourcos (epoxy laminate and Kynar wiring insula- 
tion'!, The testing lor tho materials had as its objective to 
determine mass loss r.itos at various temperatures anticipated 
during the mission, the time dependency of the outgassing rates 
and the effect on Vt'M ol thermal vacuum testing of payload com- 
ponents prior to inst .i I I at ion into the Shuttle Orbitor bay. 

This testing was perlormed at N.\S.-\-JSC in response to the need 
to determine parameters that would have a major impact on pay- 
load contaminat ion predictions. 

4. 1.3. I Orbitor Sources - rhe following data presents the 
results ot testing performed by .ISO in est .ib 1 i sh ing the r.ites 
used for the Shuttle Orbitor sources. Initially, the data is 
presented for a first flight Orbitor .ind secondly, the reduc- 
tion in rates due to previous v.icuum exposure is also presented. 
The previous v.icuum exposeil Orbitor is considered as the base- 
line case. The Orbitor nonmotallics discussed previously were 




TABLE I I^ONMETAU.TC MASS LOSS RATES BASED ON VCM/TML AND TOTAL 
MASS A\'AIT.ABLE 


NOHMETALLIC 

material 

TML 

r cvcM 

WEIGHT 

AVERAGE CVCM 
MASS LOSS RATE 

125®C/24 HRS. M-10 

iML/VC.M DATA 
SOURCE 

lUS - EXTERNAL 

. CHEMCLAZE IIA-276 

1.73 


lbs 

8 

-1 

8» 

Torr-l-s'^ 

(•KRESroNOESt 1 
ROM 

. ■1AR11NEUES 
ESiEC, TO 
/.. GAUERANO 
VSKC, DATED 

.003 

4.5 

2.04x10 ^ 

7.10x10"^ 

1.21x10'^ 

DSP (T»0 - EXTERNAL 







/ 2 > / 7 7 . 








REf.LS/HM 88 7 

. 0C93-072 

1.67 

0.60 

.238 

1.1x10 

7.64x10 

.0013 
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. EPOXY/DTA/mCRO BALLOON 

2.42 

.085 

2.11 

9.58x10 

9.42x10 

1.6x10 


. K R-63-A89 

I.l 

.47 

5.88 

2.67x10^ 

1.45x10*^ 

2.5x10*^ 

OBTAINED 






-4 

-2 

FROM 

. K314S 

1.74 

.75 

7.41 

3.36x10-’ 

2.92x10 

5.0x10 

"COMPIUTION 

. 3M-B32 

.75 

.02 

.374 

1.69x10^ 

3.91xl0‘^ 

6.7xl0'^ 

OF VCM DATA 
OF NON- 

or 

• 3M-467 

1.15 

.11 

.374 

1.69x10^ 

2.15x10"^ 

3.7x10'* 

METALLIC 








MAT2RIALS” 

. PINCH 463-1-8 FXAT BIACV 

UNKNOWN 

UNKNOWN 

.325 

1.48xl0' 

— 

— 

JSC 08962 

. PINCH 643-1-1 

UNKNOWN 

UNKNOWN 

.106 

48 



REV 0 








DECEMBER 

JNTERNAL (VENTED) 







1977 

. PINCH 463-1-8 

LmNOWN 

UNKNOWN 

1.35 

6.13x10^ 

— 

— 






2 

-5 

-2 


. DC3I43 

1.74 i 

.75 

2.09 

9.49x10 

8.24x10 

1.4x10 






.2 

-6 



. 3M SCOTCH CAST 9 

3.6 

.04 

1.12 

5.1x10 

2.16x10 

4x10 


{nter;<al (partully 








VENTED) 













-6 

-4 


. RTV8111 

1.19 

.35 

.14 

63.6 

2.58x10 

4.4x10 






3 

-5 

-3 


. 3M SCOTCHCAST 9 

3.6 

.04 

6.1 

2.77x10 

1.28x10 

2.2x10 


)SP (TW) - MI-SCKLl.ANK'L S 







SUPPLIED BY 

MATERIALS 







TRW TO 






• s 


NASA JSC 

. KYNAR INSULATION 

.21 

.02 

31 

A.ulj-lO 

3.26x10 

5.55x10 


ON WIRING 








. pm23-5 (ON SOLAR 

.78 

.07 

12 

5.45x10^ 

4.42x10'* 

7.52x10** 


PADDLE HONEYCOMB 








SANDWICH) 












3 

-5 



EPOXY LAMINATING RESIN 

.4 

.02 

18.7 

8.5x10 

1.97x10 

3.35x10 









SUPPLIED BY 

OR8ITER 







NASA JSC 

BAY 








* . TC- 15000 

.47 

.049 

87 

4 

3.95x10 

2.20x10'^ 

3.81x10*^ 


BULKHEAD INSULA'ION 












4 

•4 



. ADHESIVE FOR 

.33 

.21 

40 

1.81x10 

4.41x10 

7.51x10 


Ag-FEP RADIATORS 








» . HLI BLANKETS 

UNKNOWN 

UNKNOWN 

— 

— 

— 

— 


» . SUPER KOROPON 

5.47 

0.1 







— 


BAY LINER 

UNKNOWN 

UNKNCWN 

— 

— 

— 

— 









SUPPLIED BY 




(VCM 

(VCM 



AESC 




ONLY) 

ONLY) 




DSP (AESC) 

UNKNOWN 

UNKNOWN 

4.4xl0'‘* 

0.2 

2.30x10** 

3.90x10*^ 



♦THESE MATERIALS EXIST BETWEEN THE LINER AND THE LOWER MID FUSELAGE AND 
PRESENT NO PROBLEM BECAUSE OF LIMITED CONDUCTANCE TO THE BAY VOLUME 
AND CONDENSING SURFACES IN THE MID FUSELAGE REGION 
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tested tor time nml temperature dependence ot VCM mass loss 
rates. Figure b shows tlie VCM curves for an RTV used on elec- 
trical connectors. ilie interesting feature here is tlie reduc- 
tion in VCM by only a factor of two when the source tempera- 
ture is reduced from to 40 C. It also shows that the 

majority of VCM is released during the first 2 to 3 hour period 
of vacuum exposure. 

Figure 7 shows the VCM mass loss data obtained tor the 
silver Teflon radiator surfaces on the payloail bay doors. The 
dashed lines correspond to the silver Teflon bonded to an alumi- 
num substrate and the solid lines correspond to no substrate 
with the adhesive exposed. The results show that the Al bomled 
sample mass loss was only 80'4 of the unbonded sample where the 
adhesive was totally exposed. Also, the reduction by approxi- 
mate Iv two is evident between source temperatures at 125 C ami 
AS'^C. 

The adhesive for the door radiator:^ is 0.003 inches thick 
(0.008 cm). For a sjensity of 1.2 g*cm an».i a total radiator 
area of 1.89x10^' enr , the total adhesive mass is 1.81x10“^ g. 

From Table 1, the VCM is 0.21'l, so that the mass available for 
VCM is 38g. Averaged over 24 hours and reduced by a factor ot 
two, to, account for temperature; the VCM mass loss rate is 
2.2x10”'^ g*s \ Testing has shown U'igm*c 7) that the bonded 
cont igurat ion is 80 of the bare adhesive, so the rate yeduces 
to 1.7bxl0”'^ g’s or equivalently, 3.74x10"^ rorr*l*s for a 
mass (^f 100 g»mole” . The VCM molecular weight ot 100 g* 
mole was used in this analysis as an assumed average value. 

Tost ing ^ shows masses that range from the 70 p«mole to 170 
g’mole predominate at temperatures near 40 C. This rate was 
used in the aiia lysis for in bay-doors closed for a first flight 
Orb iter . 

Mass loss data for the bulkheail r(^-15000 material is shown 
in Figure 8. This mass loss rate data is for the insulation 
material with no covering around it and, therefore, represents 
a maximum rate situation. These curves show that the majority 
of the mass is gone after 10 to 20 hours of exposure and also 
shows a reduction of approximately a factor ol two lor the total 
mass loss rate curves between 125 I' and room temperatures. 

V'CM/TMl, tests show that 10"i. of the total mass loss is \’CM. Ue- 
cause actual rate data from testing is available for this 
material, it was used instead of average rates from Table I. 

The mass loss rate at the 10 hour point was chosen tv> be indicative 
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MASS LOSS (PERCENT) 



Figure 6 VCM Mass Loss for RTV Silicone from Cannon Electrical Connector, ME 414-0611-002 
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Figure 9 Mass Loss for Epoxy Laminate and Kynar Insiilat ion(Roon Temperature) 





is vinilt' t I'v* I .il' 1 1 ‘ bill luis «.*si inuil I'll lo bt* 1 x U* ' J’.*.'’. • 

Kiguro Tor a rt'pailt'il availabli* mass ol l.AlxlO v. ol Kvn.if 

tlio total mass loss ralo at J v' at tor SO hours iu vaouum wouUI 
ho l.alxlO”'’ p,*.s” , This torm is Oitti'iout than that prosontiil 
in Tahlo I hut vas uso».l si not* tho tost Oat a v»n lonp, ti'im ho- 
havior is moro Oosirahlo than an avorattino, ti’ohniquo hasoil on 
VOM. At tor lon^; oxposuia’ in vaouum, tho traotion ot tho total 
mass loss that is VOM is lar^or than tho rat io ol VOM tv' TMl 
wv^u Kl irivlioato. This ri'sults l rom tlu* laot that tho lip.htv'r 
gasos ov'mo v>t t muoh tastv'r than tlu' v'ut o.ass inp. . I arp.i' mv''ov-nlar 
woipht ov'mpv'nont s , It was assumv'vl that v'no half ot tho mass 
K'ss altor St1 lu>urs wa^ VOM, I’lu'rotv'r 
Kynar is 7,Sxlt^ v;*s v'r oqu i va I I'nt I y 


o, tho Vv’M^mass input jlv'r 
V l.JaxU^"** rorr*l*s 


Tho opv'xy ^amina^o v'yrvv' in Tipuro slu'ws a mass U'ss 
rato v'f l.t'xltl 0 * 0 , *s at tlu' vmuI v'l S(^ hours in vaouum at 
J") This v'ljuatv's to a TMl. v't S.‘>xli' p*s . I'tiov' apaiu, it 

was ^ssumovl halt ol this is Vt'M Sv> tho Vt'^1 ralv' is 
p*s o*r ovpi i va I iMit I y 7,J*\lt^ Tv'ifl's tv>r thv' S.'xU' p. 
ol opv'xy rv'sin. 


Tho ratos oaloulatoil li'r tho VOM v't tho tuv' ahv'Vv' mat<*:ial 
wore usoS fv'i* tho in hay-vK'v'rs oK'sovl analysis. Tlu' Kvnar 
anvl opo»xy l.imirtato ov'mprv'miso >i> ' v'l tlu* TKU’ lu'nmo t a I I i o . 

Thoro was insuffioiont t inu* to tost all v't tlu* tv'maininp. IKU' 
matorials uiulor tlu'rmal vaouum piv'llipht tv*sl ov'tivl i t i v'us . It i 
ro.isv'nal'lo tv' .issunu* that thv* i^.iti’s ^'v'r Ijho rv*m.nninp 11' 

1 1 , Sx 1 ''' *p'l wv'ulvl hi* iu*.ir 1 X p*p. *s , tlu* samo as tv'r tho 

opoxy l.mnn.ito. This rv*sults in a VOM inpvit tnssuminp, v'noo 

ap.iin that h.ilt tlu* mass^K'ss .it St^jlu'urs is Vv’M'' v't 1 1’' p*s 

v'l* oqu i v.i I ont 1 v l,''xlt^ Tv'rr'l's 

hasovl on tlu*so .issumpt iv'ns .uul losts vlisoussovl proviv'uslv. 
tho tv't.il \\’M input tv'jllu* pavK'.ul l rv'm tlu* lO'^r-rK'.v lu'nmi* I .i I I i o 
is 0.!V''xll^ ' l‘v'rr*l*s 

+ .1.' I\v*sult in.q Pv*pv'sit iv'u - Tlu* vU*pv's i t i v'n rv'sulis tv'r 
tho in h.iy-vlv'v'r s oU'Sv*vi oasv* .iri* prv*sv*nl v*vl in I'.ihlv* 11 .lU'np 
with tlu* VOM mass inputs t t*v'm tlu* m.ijv'r sv'urov*s. .\s slu'wn, tlu* 
oiti'ots v'f .1 proviv'usly v.iouum v*xpv'sv*vl Orhiiv*r is tv' sipatiti- 
oantly rv*vluoo tho VOM input tv' tlu* p.iylv'.ul h.iy Vv'lunu* .nul tlu* 
rosultinp vh*pv's i l iv'u . It slu'uKl hv* lu'tovl that it sv'iiu* v'l tlu* 
p.iylv'.ul hay surf.iov*s woro lu't oap.ihU* v't Ov'iuu*ns inp, p.irt v't tlu* 
Vt'M, tho vlv*pv's i t ion wv'uUl hv* pro.itv*r. 


TABI E 1 1 


VCM M\SS INPUT AND DEPOSITION RESULTS 


IN HAY- DOORS CLOSED 


Source 

VCM Input Rate 
c*s ^ TorrM's 

7c. Con tri- 
hut ion 
Previous ly 
F 1 own 
Orb iter 

% Contri- 
but ion 
Initial 
F 1 i gh t 
Orbit er 

R V.' i’.ui r k s / 1! onune n t s 

lUS 

7.38x10“^ 

1.26x10“^ 

3 

<1 

Thermal vacuum test- 
ing not accounted for - 
'ITIL/VCM data quest ion- 
ab 1 e 

DSP-.\ESC 

1. IbxlO’^' 

l.97xl0"'^ 

5 

<l 

Thermal vacuum test- 
ing accounted for - VCM 
reduced to 12'^ of non- 
v'acuum exposed materials 

DSP- TRW 

l.Axlo'^ 

2.38xl0‘^ 

65 

6 

Thermal vacuum exposure 
of 6 days at room tem- 
perature accounted for 
from testing at JSC 

Orbi tor 
(Previ- 
ously 

t 10\vTl) 

5.8xl0"^ 

D.84xl0“^ 

27 


A first flight orbi ter 
refers to average rates 
during a 24 liour period 
of a first flight - 

(First 
Flight ) 

2.2Dxl0”'^ 

3.80xl0”^“ 


93 

previously flown relers 
to approximately a seven 
day mission on-orbit ex- 
posure and uses the 
attenuation found in 
testing of DSP-TRW ma- 
terials 



3. 69x1 






100 


F irst 
Flight 


4. Ibxio'" 






4X*hr'^ 

= 5.83x10-' (t) 

IPrevious ly 
■Flown 


-2 -1 
g*cm *s 


1 45^-hr"^ 



Flight 
































The rosultin^ di'posi t ion was cal on 1 atoJ I rom the l.an^^imiir- 
Knud son r o I a t i on sh i p 

1/2 


m = 5.83x10 




vcM It 


-2 -1 
, g'em *s 


where 


^VCM ~ P'^rtial pressure ol VCM, 
M = molecular weight and 


T = temperature. 


llie value 


of determined from 


r 


VCM 




3 . b 9x 1 0 ^ Tor r » 1 • s 
1.27xUV Ivs”' 


2.^xl0 Torr. 


• _ 1 
The value ol m where M = 100 and T = J9SK, is 9,7uxl0 “ g*cm ^ • s 

for tlie baseline case. For a 3b00 second exposure, tlie net 

deposition is 4A for unit density. For a first flight Orbiter, 

the deposition would be 45^. The was calculated assuming no 

previous vacuum exposure. 


T!ie other sources in tlie form of cabin leakage and volatile 
species from nonmetal I ics ,hav»j' an impingement rate on DSP sur- 
faces near 1.5x10 g*cm ^»s . This was calculated iVom the 

• ^ ^ *«4 

above m expression and a total bay pressure of 8 x 10 Torr. How 
ever, these molecular species will not condense at PSP surface 
temperatures and therefore present no long term deposition po- 
tent ia I . 


4.2 1 n B a v - Po o r s Op e n - Puring this exposure time, one 

major transport of contaminants is the molecular flow* conditions 
from one surface to another unhindered by collisioiis occurring 
between the svirf.ices. The other major transport mechanism is 
the return flux of cont .uninants to spacecraft surfaces through 
interactions with the ambient atmosphere. 

4.2.1 Pirect Flux - The deposition from direct flux of 
contaminants on critical PSP surfaces during tiie in bay-doors 
open is less than one angstrom for all surfaces. Table III 
shows the deposition levels for the critical surfaces during 
this period. The only surfaces that directly see the PSP 
surfaces are the payload bay liner and the bulkhead area. 
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TABLE III LOCATION/ DEPOSIT ION, (X), IN BAY DOORS OPEN AND DEPLOYMENT 


i 

1 


Node 

Number 

Description 

In Bay 
(7200 s 

Doors Open 

) X 

station 1 
(69.5 s) 

Station 2 
(193 s) 

Station 3 
(387.5 s) 

Station 4 
(193 s) 

Station 5 
(74 s) 

Total 

DSP 

Surface 

Direct 

Return Flux* 

Direct 

Direct 

Direct 

Direct 

Direct 

X 


Nomenclature 

Flux 

8 

Out- 

gassing 

VCS 

Flux 

? 

Flux 

X 

Flux 

X 

. , ■ 

Flux 

X 

Flux 

X 

1110 

Solar Arrays 

.045 

6 

<1 


.0053 

.034 

.012 

.0085 

6.1 

1111 

Solar Arrays 

.032 

4 

<1 

.004Z 

.016 

.02 

.012 

.0023 

4.1 

1112 

Solar Arrays 

.031 

0 


.0041 

.0093 

.0057 



0.05 

1113 

Solar Arrays 

.032 

4 

<1 

.0042 

.0028 

.00011 

.012 

.0023 

4.1 

1153 

OSR 

.00017 

6 

<1 


.000031 

.0042 

.0022 

.001 

6.0 

1157 

OSR 

.043 

0 

0 

.00087 

.0024 

.0045 

.0017 

.00022 

0.05 

1161 

OSR 

.017 

0 

0 

.0012 

.0022 

.0012 



0.02 

1165 

OSR 

.042 

0 

0 

.00058 

.00063 

.000098 

.0027 

. 00048 

0.05 

1280 

Star Sensor 

.18 

0 

0 

.0011 

.0030 

.011 

.006 

.0011 

0.2 

1290 

Star Sensor 

.072 

0 

0 

.0027 

.0056 

.0093 

.0029 

. 00084 

0.1 

1210 

ABL 

.00036 

0 

0 

.00027 



.0009 

.00017 

0.0 

1145 

Ring 

.02 

6 

<1 

. 00049 

. 00068 

.0012 

.001 

.00023 

6.0 

1146 

Ring 

.013 

-> 

<1 

.00022 

.00026 

.0013 

.0015 

.00037 

6.0 

1147 

Ring 

.015 

6 

<l 

.00033 

.00024 

.0004 

.0011 

.0003 

6.0 

1148 

Ring 

* 

- 

0 

0 

.00052 

.00062 

.00053 

.00076 

.0092 

0.01 


* For a first flight Orbiter the outgassing return flux will be a maximum of 2lX on surfaces 1110, 1153, 
1145, 1146 and 1147 and I 5 X on surfaces 1111 and 1113. 



ORlG 


Even though the time interval was 7200 seconds, the rates from 
these sources was low enough that no significant deposition 
occurred. At temperatures of 12 the m^ss |.oss rates of these 
sources was on the order of 4x10" g*cm »s 

Secondary reflections from the lUS/DSP to the Orbiter 
liner and back to DSP critical surfaces was not in scope V7ith 
this study. However, it was preliminarily assessed and appears 
to be less than the rate of the Orbiter materials themselves 
and is thus considered as no problem. 

4.2.2 Outgassing Return Flux - Other surfaces that do not 
see the DSP surfaces directly during the in bay-doors open 
period are the radiators and TPS surfaces of tlie Shuttle Orbiter 
as well as the lUS surfaces. These surfaces can contribute in- 
directly by interacting with the ambient atmosphere and scatter- 
ing back to the DSP surfaces. Table IV shows the input control 
parameters used in operating the SPACE computer program. Table 
V is a listing of the mission parameters used in defining the 
vehicle attitude and altitude for the return flux calculations. 
Table VI shows the mass loss rates of the Shuttle Orbiter sur- 
faces after they have been corrected for temperature. This 
table corresponds to report #11 from the SPACE computer program 
and indicates the total mass loss rate from a surface, the per unit 
area rate and finally a summary of the total mass loss rate from 
the Orbiter and the average rate for the Orbiter surfaces. Tlie 
return flux calculated for these source rates and the nominal 
attitude are |ljiown in Table VII. j^The tota'i return flux is shoun 
to be 2.2x1^^ mol^culi^s *cm"^* s or a mass impingement rate 
of 3.61x10” g*cm ‘■•s . Of this, 63.8% is from the radiators^ 

wh^ch have a maximum surface mass loss rate of 8.9x10" g*cm 
s as shown in Table VI. Since direct data was available for 
the radiators and TC- 15000, it was used as input to the SPACE 
program. In addition to the Orbiter^sou^ces , the return flux 
from the lUS/DSP is 2.53x10”^^ g«cm *s . This was determined 
by calculating what percentage of the Orbiter number column 
densities the lUS/DSP comprised. Tlie results showed the lUS/ 

DSP was 77» of the Orbiter return flux. 

Since the VCM rate for the radiators and lUS/DSP sources 
was used^ the condensation coefficient on payload surfaces 
below 25 C is unity. For the remainder of the Orbiter surj^aces 
(NOMEX, LRSI and HRS I), the return flux is 1.3x10 g'cm “•s 
with a condensation coefficient near 0.3 for the 50 C sources 
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TABLE IV INPUT CONTROL PARAMETERS FOR RETURN FLUX CALCULATIONS 


I 

REPORT NO, 1 PEToRf. FlUA 12 / 06/77 23 . 56 . 55 . PAGE 1 ^ 

CONTESTS: listing Zf INPUT CONTROL PARAyETESS I 


SCCNTRl 


DBUGA = F. 
D3UG3 = F. 
OB'wGC = F . 
G3'JG0 = F . 
DEPSIT r T. 
EO = F . 

ENG = F. 

EVAP = F, 

NJ 

a> FIV? = F. 

leak = F . 

LVCP = F . 

MAXTM? = T. 
VCO = F. 

MFPATH = P, 
NEaCG.N = F . 
Nc*TNL = F. 
NEifc'WFP = F. 
NE*MFS = F. 
nea'V.;.: = p. 

NE«’’CO = F, 
VISTV? = F, 



TABLE IV INPUT CONTROL PARAMETERS FOR RETURN FLUX CALCULATIONS 


ORBITR 

= 

T , 

OUT 

= 

T , 

reflct 

= 

F , 

REPORT 

= 

T, F. T. F, 
T , F. r , T, 

RFAS 

= 

T , 

RFSS 

= 

T , 

SMTP 

= 

F . 

TSTART 

= 

0.0. .3E+01 

TSTQP 

= 

. 2 £+01 , 0.0 

ATCODE 

= 

0.0, 

CO 

= 

T , 

SEND 




F. F. F. F, F, F. F. F, 


Ci 


- concluded 


V 


F, F. F, F, F, F, T. T, F. F. F. F. F. F, F. F. F 






TABLE V MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS 


ro 

00 


REPORT NO. 
CONTENTS: 
$MP03 
BETA 

PITCH = 

YAtf 

ROLL 

ALT 

SUNL 

SUNr4 

Slnh 


B P£TURN flux 

LIST OF YIS5I0N DATA THAT aILL BE USED 

0 . 0 . 

0 . 0 . 

0 . 0 . 

0 . 0 . 

. 3E-*-03. 

F , 

T , 

F , 




a 


U J 

2 

> 

r*. 

> 

a 


^ E3 


vx 

VY 

vz 

NLCS 


. 765E+04 . 

0 . 0 . 

0 . 0 . 

1 , 


XLOS 

= . 1 107E-04 

. .1107E-04 

. .1107E+04. .1107E 

*04. 

.1107 

E + 04 , .1 1 07E+ 04 . 

-1 107E+04 

. 1 1C7E-^04 

. .11 07E-04 

. .110 7E + 

C4. .1107c 

■r04 . 

.1107E‘‘‘04. ,1107E+C4. 

. 1 107E+04 


. 1 1 C7E-04 

. .11C7E-04 

. .110 7E- 

C4. .1107E+C4. 

. 1 1 07E+04 , 


YLOS 

= C. 0. 0.0 . 

0.0. 0.0. 

o 

o 

o 

o 

o 

o 

o 

o 

0.0 

. 0.0. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


0.0. 0.0 . 

o.o. c.o. 







ZLOS 

i .507 EtC3. 

■507E-03. 

.507E+03. 

.5C7E-r03 . 

.507C+03. 

.5C7E+03. .507E-C3. 

.5C7£*C3. 

.507c-r03 . 

.E07E-03 . 

.5 07Et-C3. 

.507E + C3 . 

.50 

7E-^03. 

.507E+C3. .507E+C3. 

.5075*03. 


. 507E>03 . 

.E07E-03. 

.507E+C3. 






THETAL 

= 0.0. .3E’ 

72. .CE+C2. 

.3H-02. 

.f.E+C2. .3 

E-C2 

. . 2E + 

C2. .3E*C2. .C£*02. 

.3F.+ C2. . 

.££-02. . 


C2. .B2££ 

■^:2. .ei'st 

*02 . 

.13233 

-r02. .325E-02. 

.E.25£*02 . 


.1107E+04. .1107E+04, .1107E+04 

.1107E-«04. . 1 107E-^04, .1 107E+04 


0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 


.5C7E+03, .D07E+03. .507E+C3. 
.507E-r03, .507E+03. .5C7E-^03. 


£-^02. .'JE + C2. .oE + 02. .3E*0?. 

.L2t3£-r02. .s: 5£-C2. .e£5E-'02. 


TABLE V 


MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS - continued 


N) 

v£> 


PHIL * 


0 0. 0.0. C.O. .^51^02. .MZ*-22. .9Z-02. .9E+C2. .l35E-^03. .15i?E'-03. 

.27E-C3, .27£*03. .3l5E-*-C3, .315E-^03, 0.0. .45E + 02. .9E+02. .l3'C+C3. 

. 1 3E-^03. 
. 1 5E + 03. 

.ieE + C3, .22-3E»C3. .225E+C3. 
.235E+03, .27E-^03. .315E+03. 

DSMCO 

Z 

.25E'-01, .E3-*-01. .5E+01. 

.5£»02. .1243+03. 0.0. 0. 

.5E-^91, .bE+01. .bE+OI. .5E + 01, .5E+01. 

0 . o.o! 0 . 0 . 0 . 0 . 0 - 0 . 0 . 0 , 0 . 0 . 0 . 0 . 0 . 0 , 

.5E+01 . 

.5E+01. .15E+02. .25E+02. .375E+02 

RUAXL 

= 

. 3£*C3. 





RFSURF 

= 

1110. 1111. 0. 

o 

o 

o 

o 

o 

o 

o 



CCSXX 

= 

.lE-01. .1E+C1 

. . 1 £♦ 01 . . 

1 E+01 , .1E-.-01, .1E+01, .lE + 01. .lE+01, 

.1E+01 . 

.1 E+01 . 

COSXY 

= 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



ccsxz 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



COSYX 

= 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



CCSYY 

= 

. 1 E + 01 . . lE-^01 

. .lE-rOl. . 

1 E+C1 . .lE+Ol. .1E+01, ,1E+01, .lE+Ol, 

.1 E+01 . 

.1 E+01 . 

CCSYZ 

= 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



coszx 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



COSZY 

S 

o 

o 

o 

o 

o 

o 

0.0. 0.0, 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



coszz 

= 

. 1 E-01 . . 1 E + Cl 

. . 1 E+01 . . 

1 E+01 , .1E+01. .1E+C1. .iE+01, .1E+01, 

.1E+01 , 

.1 E+01 . 

THETA1 


o 

o 

o 

o 

o 

o 

0.0, 0.0, 

o 

o 

o 

o 

o 

o 

o 

c» 

o 

o 



THETA2 

= 

.9E-C2. .9E+02 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



PHI1 

= 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



PHI2 

z 

.3eE+03, .33E+03. .36E+03 

I, .3.3EtC3. .36E■^03. .36E+03. .36E + 03. 

.36E+03, 

.36E+03. .36E+03. 

DOWEGA 

r 

.EiE-03. .EE-rCO 

o 

o 

o 

o 

o 

c> 

o 

o 

o 

CJ 

o 

o 

o 

o 

o 

o 



DSRTNF 

z 

. 25£»01 . .EE»0 

.5E*02. .l24£-f 

1 . .5E*01 . 
C3. 0.0. 0. 

.5E-.-C1. .5E + 01. .5E+C1. .5£ + 01, .5E+01. 

0. 0.0, 0.0. 0.0, 0-0, 0.0. 0.0. 0.0, 0.0, 

.5E+01 . 

.5E + 01 , .15E+02. .25E + 02. .375E+02 




3 ^ 




TABLE V 


MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS 


cone luded 


CO 

o 


dtmeta 

s 

.45E«f02, 

.JSE-t'OZ, 0.0, O.O. O.O, 0.0, 0.0, O.O, O.O. 0.0. 

DPMI 


, 1 024E4-0 2 

.1024E-r02. .1C24E»02, .1024E»02, .1024£'*‘02, .l 024E-*-02 

R7AXRF 

= 

. 3H-03 . 


RFSTK 

= 

. 1 E-*-0l . 0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

VFACTR 

= 

.3E+C1 . 


TIMEOO 

z 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

JKEE? 

= 

303. 


XO 

z 

. 1 02E-C4 . 

.102E+04, 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.0, 0-0, 

yo 

z 

0.0. .852 

♦02, 0.0, 0-0, 0.0, 0.0. 0.0, 0.0, 0.0, 0-0, 

ZO 

z 

.49£>03. 

.-i9E^03. 0.0, 0.0. 0.0. 0.0. 0.0, 0-0. 0.0, 0.0. 

GO 

z 

T , 


SZND 





.1024E-*-02. .1024E^02. .1024E+02. 





. 1024E+02, 








TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS 



Report so. ii •••• pt-tu^n flux *.*••• 12 /O 6/77 23.56.57. 1 

contents: physical characteristics of surface SOUPCES at time O.HRS 3. mins o.secs • 


Surface 

AREA 

SECTION 

MASS LOSS 

SPECIES 

. MASS LOSS rates 







NUM3ER 

( IN--2 ) 


IGM/SEC) 

( CM /CM* 

•2/SEC) 






OUT 


(CM- *2 ) 

material 

TEV.P 

0U7G1 


0UTG2 ^^20 


N2 

C02 

EARLY 



(DEG C) 

02 


CO H2 


H 

Mr.’H\03 

desorption 

GASSING 

200 

.2CE-i-05 

FUSi-AS 

. 133E-C4 

. 1 1 E-09 

0. 

0. 

0. 


0. 



. .06E-09 


. 13E-06 

LK5I 

54. 

0. 

0. 

0. 

0. 


0. 

0. 


203 

. 33E-*-0 5 

FUSLAS 

.123E-04 

.59E-10 

0. 

0. 

0. 


0. 



.585E-10 


• 21E-06 

lrsi 

37. 

o. 

0. 

0. 

0. 


0. 

0. 


202 

.33E+05 

F U 5 LAG 

. 123E-C4 

.5SE-10 

0. 

0. 

c. 


0. 



.535E-10 

.2lE-rOG 

lrsi 

37. 

o. 

0. 

0. 

c. 


0. 

0. 


50 

. 26E-*-0 S 

RAOCOR 

.81 3E-05 

.49E-T0 

0. 

0. 

0. 


0. 



.492E-10 

. 17E-06 

TEF L3N 

33- 

o. 

0. 

0. 

0. 


0. 

0. 


40 

.26E-*-05 

RAOCOR 

.313E-C5 

. 49E-1 0 

0. 

0 . 

0. 


0 . 



.492E-10 


. 17E+06 

TEF LCN 

33 . 

0. 

0. 

0. 

0. 


0. 

0 . 


32 

. •!2Et05 

RAC33R 

.702E-05 

.89E-10 

0. 

0. 

0. 


0 . 



.892E-10 


.7SE-05 

TEF LON 

50. 

0. 

0. 

0. 

0. 


0. 



34 

. 12E+05 

RA003R 

.702E-05 

•89E-10 

0. 

c. 

0. 


0. 



.892E-1C 

.79E1-05 

TEF LCN 

50. 

0. 

0. 

0. 

0. 


0. 

0. 


36 

. 12E-C0 

RAOOQR 

.702E-05 

•89E-10 

0. 

0. 

0. 


0. 



.892E-1C 


. 79E+C 5 

TEF LCN 

50. 

0. 

0. 

0. 

0. 


0. 

0. 


20 

. 12 = >05 

RAOOCR 

. 702c ~C5 

.89E-10 

0. 

0. 

0. 


0. 




.73E-05 

TF. F LO.N 

5C . 

0. 

0. 

0. 

0, 


0 . 

0. 


.892E-K 

22 

. 12E*C5 

RAOCCR 

.702E-05 

.89E-10 

0. 

0. 

0. 


0. 



.892E-K 


.73E+05 

TEF LCN 

50. 

0. 

0. 

0. 

0. 


0. 

0. 

0 0 

50 


24 

. i2E-^0-3 

RAC OCR 

.702E-C3 

. 8CE “ 1 0 

n 

0 . 

u . 


0 . 


►0 0 


. 7^E-^^b 

TEF _CN 

50. 

0. 

0 . 

0. 

w • 


0. 

c. 

.832E-H 

26 

. 1 2E-C 5 

R ACCOR 

.702E-05 

.89E-10 

c. 

V • 

0. 


0 . 


50 > 



.79E-r03 

TEF LC.'. 

5C. 

C . 

0. 

0. 

0. 


0. 

0. 

r* 

s > 

• 892E-1' 












p 0 







































K cr 



I 

L 


1 


* 

I 

I 

t 

I 

f 

’> 

i • 

i 

i 

I 

i 


'2U 


TABLE VI 

SOURCE 

RATES 

USED IN RETURN FLUX PREDICTIONS - 

continued 


^ 

C-* 












g ^ 














30 

. l2£-r05 

RA0C3R 

.702E-05 

.89E-10 

0. 

0. 

0. 

0. 


^ o 

tsl 



. 73E+0 5 

TEE 'wL’N 

50. 

0. 

0. 

0. 

0. 

0. 

0. 

.892E-10 

1 10 

.23E-rC5 

W IN3 

.691 E-05 

•46E-10 

0. 

0. 

0. 

0. 




. 1 5E*0 6 

NOf-’EA 

4. 

0. 

0. 

0. 

0. 

0 . 

0. 


.459E-1 0 

140 

.23E+05 

M 1 

.691 E-05 

.46E-1 0 

0. 

0. 

0. 

0. 





. 15E+06 

NO’^EX 

4. 

0. 

0. 

0. 

0. 

0. 

0. 


.459E-10 

C4 

•36E+05 

CM 5 

.666E-C5 

.27E-10 

0. 

0. 

0. 

0. 





. 2**E‘*’0 0 

L « 3 1 

15. 

0. 

0. 

0. 

0. 

0. 

0. 


•272E-10 

44 

.26E+05 

RAOOOR 

. 666E “05 

.40E-1 0 

0. 

0. 

0. 

0. 





. 17E+06 

TEF L3N 

27. 

0. 

0. 

0. 

0. 

0. 

0. 


.403E-10 

B4 

. 38E^0 5 

CMS 

.662E-C5 

.27E-1 0 

0. 

0. 

0. 

0. 





.24E-^06 

LRSI 

15. 

0. 

0. 

0. 

0. 

0. 

0. 


.272E-1 0 

54 

.26E*05 

raoocr 

.635E-C5 

.39E-10 

0. 

0. 

0. 

0. 





. l7E-*-0C 

TEFL3N 

26. 

0. 

0. 

0. 

0. 

0. 

0. 


.385E-10 

161 

.93E+04 

CSHW 

.632E-05 

. 1 OE-09 

0. 

0. 

0. 

0. 





.60E-05 

L»SI 

54. 

0. 

0. 

0. 

0. 

0. 

0. 


. .05E-09 

316 

• 3lE-^05 

F o S L A G 

.601 E-05 

.30E-10 

0. 

0. 

0. 

0. 





.2CE'rOG 

f;0‘* EX 

-a. 

0. 

0. 

0. 

0. 

0. 

0. 


.301E-10 

1 74 

.21E-05 

CPE'ai 

.597E-05 

.45E-10 

0. 

0. 

0. 

0. 





. 1 3E-^0 6 

LRSI 

29. 

0. 

0. 

0. 

0. 

0. 

0. 


.447E-10 

306 

.31Ef05 

FL'SLAG 

.597E-C5 

.30E-10 

0. 

0. 

0. 

0. 





.20£-rOG 

NOMEX 

-a. 

0. 

0. 

0. 

0. 

0. 

0. 


.299E-10 

1 12 

. 19E-rC5 

W I NG 

.574E-C5 

.45E-10 

0. 

0. 

0. 

0. 





. ISE-OO 

NOMEX 

4. 

0. 

0. 

0. 

0. 

0. 

0. 


.459E-1 0 

142 

• 19Ef05 

W I NG 

.574E-05 

.46E-10 

0. 

0. 

0. 

0. 





. 1 3E-^0 6 

NOMEX 

4. 

0. 

c. 

0. 

0. 

0. 

0. 


.459E-10 

107 

. 17E-^C5 

ELE wCN 

.561E-05 

•51E-10 

0. 

0. 

0. 

0. 





. 1 1E>0 0 

NOMEX 

7. 

0. 

0. 

0. 

0. 

0. 

0. 


.505E-10 

1 1 

. 33 Et-0 5 

BA V 

.527E-C5 

.25E-10 

0. 

0. 

0. 

0. 





.21 E-C 6 

B-KHEO 

-7. 

0. 

0. 

0. 

0. 

0. 

0. 


.250E-1 0 

13 

. 35E^05 

bay- 

.527E-05 

•25E-10 

0. 

0. 

0. 

0. 





.21 E*C6 

BLKmEO 

-7. 

0. 

0. 

0. 

0. 

0. 

0. 


.250E-10 




TABLE VI SOURCE RATES USED IN RETURN FLLT( PREDICTIONS 


2i0 

• iCE-O 5 

r i - 4 j 

.5C7E-G5 

.315-13 0. 

0- 


. ’7E-0 5 

3 - S I 

1 3 . 

0 - W - 

0 . 


. 4 j 5 ♦ 3 4 

C='E/. 

.433c -35 

.1SE-C3 0. 

r 


. 27£»3 5 

w - 3 I 

E9. 

0. 3. 

r. 

V 

1 ts 

. 43E-0 4 

C^^Eji 

.4eaE-c5 

. 1 5E-09 0 . 

c 


< 2 7£ » ^ 

•- = 31 

C 3f . 

C . 0. 

G 

3Z7 

.255 -3 5 

•’ vS - 43 

.473E -35 

.33E-13 0. 

r 


• 1 3 o 

\C'<’E/ 

”C . 

C . 0. 

r 

V 

1 32 

. 33E*C 5 

« I ‘(G 

.434E-35 

.23E-1C 0. 

r 

V 


. 1 9E*3 0 

NCVEX 

-IS. 

V - ^ • 


1C2 

r 5 ^ ^ c 

A a • ^ 

.434E-35 

.23E-13 3. 



* ^ ^ ^ ^ 

•.E'.'E A 

-15. 

3. 3. 


1 

. -35-35 

^ 4 ” 

.41 3E-35 

.525-10 3. 

- 


• 55' -3 5 


33. 

C. 0. 

0 

31 1 

.27E-35 

r t S -4 j 

. 393E -35 

.23E-10 0. 

r 


. 17E-35 


13. 

0. 0. 


315 

. 31 £-05 

fwS -43 

.377E-C5 

.13E-10 C. 

- 


. 2 3 E - 3 '3 

c W • 

4. 

C. G. 


317 

. 2 s E - 3 ^ 

E JS-43 

.375E-35 

.24E-10 0. 

& 


. 151- 3 5 

*.3 VEX 

- 15. 

G. C, 

c 

^4 '.C 

. 3’ E-0 5 

E'vS .43 

.371E-35 

. 1 3E-1 0 0. 

0 


.23E-35 


4 • 

C . 0 . 

ij 

115 

. 13E-3 

A **3* 

.359E-35 

.23E-13 G. 

J 


. -2E-0 5 

1 w , • 

17. 

0. 0. 

G 

1 45 

. ’9E-05 

M *•'3 

.353E-35 

.235-’' 3 3. 



. 12E-0 5 

w ^ 3 . 

1 7 . 

r 

c 

331 

. 2 7 E • 3 V 

E -5 -43 

.357E-35 

.2- E-1 3 G. 

3 


* *- E — 3 '3 

- - • 

7. 

> • V • 

- 

153 

. 34E-34 

C 1 A 

.333E-35 

. ^ • C ^ j . 

3 


. 22 E-3 5 


5^- . 

0 . ^ . 

- 

*54 

' 4 r « ' 4 

C ^ i A 

. 334E -35 

. ^ ^ • C ^ C . 

G 


. 2 2 E • 3 5 


55 . 


3 


continued 




0 . 

0 . 

0 . 

0 . 

0 . 

c. 

0. 

0 . 

0 . 

c. 

0 . 

0. 

0 . 

0. 


.305E-10 I 

r 

. .7CE-09 
. .76E-C9 [ 

•299E-10 ! 

.227E-1C 
•227E-10 

I 

1 

.620E-10 

.229E-1C 

i 

. .89E-1 0 ; 

.23SE-10 
. .86E-1 0 
.28BE-10 
.28&E-10 

. 20 < J £-10 

. 5CE-09 

i 

. 53E-09 




TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS 




241 

. 16E*0 5 
. 1 1 E-06 

FUS5AG 

LRSI 

162 

.93E-C04 

.60E^05 

CREa' 

LRSI 

137 

,91 E-0 4 
. 59E+0 -3 

ELEVCN 

\0-VE< 

134 

.91 E+04 
• 59E + 05 

WING 

NQVEX 

104 

.91E+04 

.59E-*-05 

W ING 
NQVEX 

240 

. 16E-r05 
. 1 1E+06 

Fu S LAG 
LRSI 

1 36 

.655*0 4 
. 42E-*-0 5 

ELE VCN 
NQVEX 

106 

.65E*04 
.42E*0 5 

ELEVQN 

NQVEX 

1 30 

.64E*04 
.41 E-^0 5 

W 1 NG 
NQVEX 

100 

.64E-04 

.41Ef05 

W ING 
NQVEX 

46 

.265*05 
. 17E + 06 

RAQQCh 
. £F LCN 

56 

. 25E-»-0 5 
. 16E + 0 6 

radgor 

teflon 

62 

. 79E + 0 4 
.515*05 

CVS 

LRSI 

82 

. 735*0 4 
.505*05 

CVS 

LRSI 

35 

. 125*05 
.795*05 

Fu S L AG 
lrsi 


.322E-05 .31E-10 0. 

18. 0. 0. 

•317E-05 .53E-10 

34. 0. 

.298E-C5 .51E-10 

7. 0. 

.202E-05 .34E-10 

-4. 0. 

.202E-C5 .34E-10 

-4. 0. 

.195E-05 .19E-10 

4. 0. 

.192E-05 .46E-10 

4. 0. 

.192E-05 .46E-10 

4. 0. 

.173E-05 .42E-10 

2 . 0 . 

.173E-C5 .42E-10 

2 . 0 . 

.163E-05 .98E-11 

- 14. 0. 

.159E-05 .93E-11 0. 

-14. 0. 0. 

.138E-05 -27E-10 0. 

15. 0. 0. 

.137E-05 .27E-10 0. 

15. C. 0. 

.127E-05 .16E-10 0, 

- 0 . 0 . 0 . 


0 

C 


0 

0 

0 

0 

0 

0 

0 

0 



oo oo o o oo o o oo o o o o o o oo 


oo oo oo oo oo oo oo oo oo 



TABLE VI 


SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued 


27 

. 12E-05 
.73E*C5 

F jS-40 
5P<SI 

31 

. 12E + 05 
.79E-05 

FUS-4G 

23 

, 12E*C5 
.79E-05 

F'JS i-AO 
L K S I 

3o0 

. 1 7E-0 5 
. HE-Co 

T a: ^ 
L ^ S I 

331 

. 17E’C5 
. 1 1 E*0 0 

TAI . 
L 4 S I 

C'-j'i 

. 25E-C 4 
. 1 7E-C 5 

E5E .C*. 
S 3 5 A 

409 

.2EE'04 
. 1 7E-G 5 

cuE . 5% 
NC’-'EX 

403 

. 24£-<-0 4 
. 15E-05 

E’.E .CN 
*,3VEX 

403 

.24E-0 - 
. 15E-C 5 

E.E . :*• 
NC'EX 

107 

. 13£*0 5 
.eiE-^00 

.i I"- 3 I 

:03 

. 1 3 E ♦ 0 5 
.8:5-0 5 

C 4 : 

H A j . 

J34 

. 1 4 E - C 5 
. 90E-0 o 

A I w 
5^31 

335 

. 14E-C5 
• E 0 5 

T A : u 
L - 3 I 

457 

. 2’ tl'G - t ■ Z 2'* 
‘3^ — Z-/ * ^ 

4 07 

. 2’ E-O 4 

.135-3 3 

5 ;.E . 3‘. 
'.5 '-X 


124E-C5 
- 1 . 

.leE'io 0. 
0. 0. 

107E-05 

-5. 

. 14E-10 0. 
0. 0. 

1C6E-C5 
— c , 

. 1 4E - 1 0 0 . 
3. 0. 

G35E — Cci 

- 1 7. 

. GOE-1 1 0 . 

0.’ 0. 

, 985E "Oo 
- 17. 

.93E-11 0. 
0. 0. 

.945E-50 

» o 

.5EE-10 0. 
0. 0. 

.945E-C0 
1 0 . 

.565-10 0. 
C . 0. 

. 3455-35 
1 3 . 

.665-10 0. 

0. 0. 

. 84 5 E — C o 

1 3 . 

.55£— 10 C. 

c. 0. 

.32SE-C0 
- 14. 

. 1 OE-lO 0. 
0. 0. 

.812E~C6 

. 1 Cc - 1 0 0 . 
0. 0. 

.B12E-C6 

- 17. 

.935-11 0. 
0. 0, 

.C12E-C6 

-17. 

. - 1 1 0 
0. ' 0 

. 7 465 - 75 

.50E-10 3 
0. " 0 

.746E-CC 

: C . 

.555-13 0 

C . 0 




0 . 
0 . 

0 . 

0 . 

c . 


■J . 


0 . 


0 . 
c . 

c. 

0 . 

0 . 
c . 

c . 

c . 

0 . 

0 . 

0 . 

0 . 

c . 
0 . 

0 . 

0 . 

c . 
c . 

c . 
0 . 


0. 

c. 

0 . 

0 . 

0 . 

c. 


0 . 

0 . 

0 . 


0 . 

0 . 

0. 

c. 

0 . 

0 . 

c. 

c. 

0 . 

c. 

0 . 

0 . 

c. 

0 . 

0 . 

c. 


0 . 

0, 


c . 

0. 

0. 

0. 

c. 

0 . 
0. 

0 . 

0, 

0 . 
c . 

0. 

0 . 

0 . 

c. 

0 . 

0 . 

c. 
0 . 

0 . 

0 . 

0. 

0 . 

0. 

0 . 

0 . 
c . 

c. 
0 , 


0 . 

0 . 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 


. .57E-1 0 
. .36E-1 0 
. .35E-1 0 
.902E-1 1 
.902E-1 1 
.557£-'!0 
.557E-10 
. 557C-1 0 
. 55 7 E - 1 0 
. .02E-10 


. 0 c F. - 1 0 
.902E-1 1 
. S02E-1 ^ 


53 T'-’ 3 


^ ^ .557E-10 


; 


fW 


r. 


> 


r* 


*< zr 


TABLE VI 

SOURCE 

RATES 

USED IN RETURN FLUX PREDICTIONS - 

continued 





42 

.265^05 

PADC29 

.727E-05 

.44E-1 1 

0. 

0. 

c. 

0. 





. 1 7 E C 0 

TE wCN 

-'J7. 

0. 

0. 

0. 

c. 

0. 

0. 


.44 1 E-1 1 

52 

.2o5-f05 


.727E-CG 

. 44E-1 ’ 

c . 

0 . 

0. 

0. 





. 1 7E-^c G 

TEr ^2:. 

- 37 . 

0. 

c. 

0. 

0. 

0. 

0. 


.44 1 E-1 1 

1 1 7 

.57Et04 

'f! I i\G 

.715E-C5 

.20E-10 

0. 

0. 

0. 

0. 





. 35E + 0 5 

h4SI 

5 . 

0. 

0. 

0. 

0. 

0. 

0. 


. .96E-10 

147 

.57E-04 

W 1\3 

.71 6E-C5 

O 

m 

1 

o 

c. 

0. 

0. 

0. 





.26E>r05 

H « 5 i 

5. 

0. 

c. 

0. 

w • 

0. 

0. 


. .SCE-10 

3 

. 27E*0 5 

BAv 

.661 E-C6 

.3BE-1 1 

0, 

0 . 

3 • 

0. 





. 1 7 E + 0 0 

liner 

12. 

0. 

0. 

0. 

0. 

0. 

0. 


. 23 5E-1 1 

4 

. 27£-i-C 5 

BAY 

. 66 1 E ~C6 

.33E-1 1 

0. 

c . 

0. 

0. 





. 17E + 0 0 

LINER 

12. 

0. 

0. 

0 . 

c. 

0. 

0. 


• 335E-1 1 

c 

.27E-05 

EAY 

.661 E-06 

.3&E-1 1 

0. 

0. 

0. 

0. 





• 1 7E-*-0 6 

LINER 

12. 

0. 

0, 

0. 

0. 

0. 

0. 


.335E-1 1 

6 

.27E-^05 

BAY 

.661 E-C6 

. 38E-1 1 

0. 

0. 

0. 

0. 





. 17E^0G 

LINER 

12. 

0. 

0. 

0. 

0. 

0. 

0. 


.385E-1 1 

7 

.2"E-^0 0 

EAV 

.661 E ~C6 

.33E-1 1 

c. 

0. 

0. 

0. 





. l7E'rOG 

LI'.E=J 

1 2 . 

0 . 

0. 

c . 

0. 

0. 

0. 


. 335E-1 1 

8 

.27E-r05 

BAY 

.631 £-06 

.38E-1 I 

c . 

c . 

c . 

0. 





. 1 7E^0 0 

liner 

12. 

0. 

0. 

0. 

0. 

0. 

0. 


. 385E-1 1 

1 

. 27E + 0 5 

bay 

. 65 1 E -C6 

. 30E-1 1 

0. 

0. 

0. 

0. 





. 17E--0 0 

LINER 

12. 

0 . 

0. 

c. 

0. 

0 . 

0. 


.335E-1 1 

2 

.27EV05 

BAY 

. 66 1 E ~C3 

•3EE-11 

0. 

0. 

w • 

0. 





. i7E^0o 

LINER 

12. 

0. 

0. 

0. 

c. 

0. 

0. 


.385E-1 1 

406 

. 1 bE-C 4 

ELE .'ON 

. 646E “tS 

.56E-1C 

0. 

0. 

0. 

0. 





. 12E-05 

NOVEK 

10. 

0. 

0. 

0 . 

c. 

0. 

0. 


.557E-10 

450 

. :az-r04 

ELE VON 

.645E~CG 

•56E-10 

0. 

0. 

c. 

0. 





. 1 2E*0 5 

NC 'EX 

1 0 . 

C . 

c. 

c. 

0. 

0. 

0. 


.557E-10 

4'..5 

1 5 ' 0 • • 

E . r . CN 

.547E -Co 

. 56E - 1 C 

0 . 

0 . 

0. 

0. 


s, s 



. ?c£-^C 4 

NC'.'E X 

10. 

c . 

0. 

c. 

0. 

0. 

0. 

.557E-1 0 












405 

. 15E-C 4 

E.E .ON 

.547E-06 

.56E-10 

0. 

0. 

0. 

0 . 


ii 



.98E-C4 

NO.V£< 

1C. 

0 . 

0. 

0. 

c. 

0 . 

0. 

.E57E-1 0 




TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued 


Zj2 

. 6o£*0 4 

tail 

. 3l 4£ -06 

.9CE“11 0. 

C. 

0. 

0. 





. 57 0-r 0 0 

L ^3 1 

- 17. 

0 . c. 

0 . 


0. 

0. 


.902E-1 1 ^ 

333 

.ee£*o4 

TAI 

•514E-C6 

.90E-11 0. 

0. 

c. 

0. 





.57E + 05 

Las: 

- 17. 

0 . 0. 

0. 

0. 

0. 

0. 


.902E-1 1 


. 12E+34 

ELEVCN 

.448E-C6 

.56E“10 0. 

0. 

r> 

0. 





. 6 C £ V 3 4 

\Z -"X 

1 0 . 

0. 0. 

0 . 

0. 

0. 

0. 


.557E-10 

DM 

. l2£-3 4 

E -E . 0% 

. 44GE “06 

.56E-10 0. 

0. 

f> 

w • 

0. 





. £ 3E-34 

NC'«'£X 

1 0. 

0. 0. 

0. 

0. 

0. 

0. 


•557E-10 

1 19 

. 33£*04 

A I ^ J 

.402E-C5 

. 1 9£“1 0 0. 

0. 

0. 

0. 





.21£*05 

LR5I 

4. 

0. 0. 

0. 

0. 

0 . 

0. 


. .89E-1 0 

1 :9 

. 33E-04 

M !*.G 

. 397E “06 

. 1 9E-10 0. 

0. 

r 

0. 





• 21E-C J 

L R 3 ! 

4 . 

0. 0. 

0. 

r 

0. 

0. 


. .8GE“1 0 

3b6 

.61 £-04 

TAI 

. 35CE “06 

.90E“1l 0. 

c . 

c. 

0. 





.33£»Qd 

lrs: 

- 17. 

0. 0. 

0. 

0. 

c. 

0. 


.902E-I 1 

337 

.61 E*04 

tail 

.3S6E“05 

.SCE“11 0. 

c . 

0. 

0. 





. 39E-rG 5 

L R5 I 

- 17. 

0. 0. 

0 . 

0. 

0. 

0. 


.902E-1 1 

C7 

. 2CE-0 4 

£VS 

.356E-C6 

.27E“10 0. 

c . 

c. 

0. 





. 1 3£-3 3 

lr5: 

15. 

0. 0. 

c. 

c. 

0. 

0. 


.272E-10 

37 

.23E-04 

M ."5 

.35GE-C6 

.27E“i: 0. 

0. 

0. 

0. 





. l3E-r05 

lrs: 

15. 

C. 0. 

c . 

c. 

0. 

0. 


.272E-10 

2d 

. 1 2EtO 3 

r S L A G 

.554E“C6 

.AEE-I' 0. 

0 . 

0. 

0. 





. 79£-r3 0 

lrs: 

-37. 

0. C. 

0. 

0. 

0. 

0. 


.449E-1 1 

37 

. 1 2E--0 5 

FuSwAG 

.354E-C6 

.45E-11 0. 

0. 

0. 

0. 





• < — C w 

lRSI 

-37. 

0. 0. 

0. 

0. 

0 . 

0. 


. 449E-1 1 

G6 

.2CE‘04 

CVS 

.349E“C6 

.27E“10 C. 

c . 

c. 

0. 





. i3£-‘05 

LR3! 

1 5 . 

0. 0. 

0. 

0. 

0. 

0. 


.272E-1 0 

C6 

.23E-04 

C- 3 

. 3m5E “05 

.27E-10 C. 

w • 

^ • 

0. 





. 13E-35 

L a J I 

15. 

C. 0. 

c . 

c , * 

0, 

0. 
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.97E-0 3 

E.E .C\ 

.343E-C6 

.E6E-10 0. 

0. 

V • 

0 . 


3 o 



. c 3 £ ♦ 0 4 

\OV£x 

1 0 . 

C. 0. 

c . 

0. 

0 . 

0. 


.5f'E-i0 












4d3 

. 9CE -0 3 

E-E .:n 

. 345E “06 

.56£“10 0. 

0 . 
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— f— 



. ^ ^ ^ *1 

%G VEX 

10. 

C . 3. 

c . 

- . 

c . 

0. 
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. 25E»C 4 

h.I‘.3 

.31SE-C6 

•2CE-10 

0. 

0 


. 16E*05 

H S 5 1 

5 . 

0. 

3. 

0 

1 18 

. 25E-^C 4 

4 I S3 

.318E-C6 

.2CE-10 

0. 

0 


. 16E-0 5 

H95I 

5. 

0. 

0. 

0 

4^2 

.69E-rG J 

ELE'.CN 

.249E-C5 

.56E-1 0 

0. 

c 


• 4:; £■» 3 4 

N3VEX 

10. 

C . 

0. 

0 

452 

.6?E*3 3 

ELE JZS 

. 249E “Co 

.55E-10 

0. 

0 


.45E-04 

NCVEX 

1 0 . 

0. 

0. 

0 

72 

. 14E*04 

CVS 

.247E-C5 

.27E-1 0 

0 . 

c 


. 91 E-^0 4 

L ^ S I 

15. 

0. 

0. 

0 

92 

. 14E-0 4 

CVS 

. 247E “C6 

.27E-10 

0. 

c 


.9' E-0 4 

L95I 

15. 

0. 

w • 

c 

41 

.25E-^05 

F 0 S L A o 

.232E-C6 

. 14E-1 1 

0. 

0 


• 1 7E-^0 6 

L«SI 

-71 . 

0. 

0. 

c 

45 

.25E-3 5 

F 'j S - A 3 

.232E-05 

. 1 4£-1 1 

0 . 

c 


. * " E ■►C 5 

L^^s: 

-71 . 

c. 

0. 

r> 

w 

74 

. < 3E-0 4 

CVS 

.230E-C5 

.27E-10 

0, 

0 


. 8 5 E 3 4 

L9SI 

15. 

0. 

0. 

0 

94 

. 13E-^C4 

CVS 

.230E-C5 

.27E-10 

0. 

0 


.65E-04 

LRSI 

15. 

0. 

0. 

0 

359 

.36E*04 

tail 

.227E-C6 

-92E-1 1 

0. 

c 


.25E-C 5 

h.as: 

- 1 7. 

0. 

0, 

0 

55 

.25E-05 

FOS^AS 

.227E-C6 

. 14E-1 1 

0. 

0 


. 16 E^C 6 

lrsi 

- 71 . 

0. 

0. 

0 

51 

.25E-^35 

FliSLAS 

.227E-36 

. 1 4E-1 1 

3. 

0 


• 1 £ E * 0 '3 

LRSI 

-7i . 

0. 

0. 

0 

250 

• 2CE-05 

F^SwAC 

.206E-C5 

. 15E-1 1 

0. 

0 


- 13E-C 6 

lrs: 

-67. 

0. 

0. 

c 

80 

. 1 1 E-04 

CVS 

.201 E-C6 

.27E-1C 

0. 

0 


.74E-C4 

lrs: 

1 5 . 

0. 

0. 

0 

60 

*. 1 r - 3 4 

C’-‘S 

.201 E”C5 

. 27E-1 0 

0. 

c 


. 74E-: 4 

l9s: 

15. 

r 

■J . 

0 


o o 
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.26E-05 

F'jSLAG 

. 190E-06 

. 1 2E-1 1 

0. 

0. 

0. 

0 


. I7E-^0G 

LSSI 

-77. 

0. 

0. 

0. 

0. 

0 

47 

. 2 3 £ ♦ 0 5 

FuSLAG 

. 190E-06 

. 12E-1 1 

0. 

0. 

0. 

0 


. i7E*3G 

i. 3 3 1 

-77. 

0. 

c. 

c. 

A 

c 

53 

.25£-C5 

FUS'-AG 

. 185E-06 

. 1 2E-1 1 

0. 

0. 

c. 

0 


. 1€£-0G 

L3SI 

-77. 

0. 

0. 

0. 

0. 

0 

57 

. 25£-*-0 5 

FUSLAC 

. ie5£-06 

. 1 2E-1 1 

0. 

0. 

c. 

0 


. 1GE + CG 

L95I 

-77. 

0. 

c. 

0. 

0. 

0 

21 

. 1 2E-0 5 

FJ3LA3 

. 135E -06 

.24E-1 1 

0. 

0. 

0. 

0 


.79E-0 5 

L " 5 1 

- 56 . 

0. 

0. 

0. 

c. 

0 

33 

. 1 2E-0 5 
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. 181 E-C6 

.23E-1 1 

0. 

0. 

w • 

0 


.75E»05 
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-57. 

0. 

0. 

0. 

0. 

0 

393 

.31E-34 

tail 

. 179E-C6 

.9CE-1 1 

0. 

0. 

Q 

c 
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L « S I 
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C. 

c. 

0. 

o'. 

0 

392 

.3l£*C4 

tail 

. 1 79E -06 

.90E-1 1 

0. 

c. 

0 . 

0 


.20E-C 5 

L 3 5 1 
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0. 

0, 

0. 

0. 

0 

3B9 

.27E*04 

TAIL 

. ieCE-06 

.9CE-1 1 

0. 

c. 

0. 

c 


• loE-0 5 

LSSI 

- 17. 

0. 

0. 

0. 

0. 

0 

333 

•27E-04 

tail 

. leOE -C6 

•90E-1 1 

0. 

c . 

c. 

c 


• 1 oE-^3 5 


- 1 7. 

0. 

0. 

c . 

0. 

0 

90 

.90E*05 

CVS 

. 157E-05 

.27E-10 

0. 

c . 

c. 

0 


. 56E-0 4 

1.S5I 

1 5 . 

0. 

0. 

0. 

0. 

c 

70 

• 9CE-0 3 

C“.’S 

. 157E-C5 

.27E-1C 

0. 

0, 

c. 

0 


. 53 E-^ 0 4 

Lf<31 

15. 

0. 

3 . 

c. 

n 

w • 

0 

401 

.42E-C 3 

E - £ . C‘- 

. 1 49 E “05 

.55E-10 

2 , 

c. 

r 

^ • 

c 


. 27 = -^ j -* 

'.c •*:< 

10. 

W • 

c. 

c. 

-• 

c 

451 

.42E-C 3 

£LE .'C*; 

. 149E-C6 

.5GF-10 

0. 

0. 


r* 

w 


. 27£.Q 4 

f.CVE< 

1 C . 

C. 

3. 

0. 

0. 

0 

175 

. ’.CE-C 5 

A “ ' 

. 1 49E -05 

.23E-1 1 

3 . 

0. 


r\ 


• 55E* j 5 

L ^ 3 1 

-57. 

C . 

C • 

0. 

c , 

0 
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. ’C5-05 

C S£.^ 

.1.5E-:-3 

.22£“11 0. 

0 


. 65E•^C 5 

Lso: 

- 5s . 

0. 0. 

0 

90 

.72 = ^03 

C .-S 

. 125E-CC 

.27E“10 C. 

0 


•45Z*04 

L ^5 I 

15. 

c. 0. 

c 

70 

.72Z-C 3 

- ‘ ' > 

. 125E-05 

.27C-10 C. 

c 


.-••.£-34 

L-:s: 

1 5 . 

0. 0. 

c 

97 

.eO£.rC 3 

CVS 

. 105E-06 

•27E-10 0. 

0 


.33E-04 

L " 3 1 

15. 

C . 0. 

0 

170 

. "J 

C = Ea 

1 C5E-C5 

.17E“11 0. 

r 


• Orf. C"* 0 V 

rt^SI 

- 65 . 

0. 0. 

C 

77 

. 6CE-3 3 

C'«*5 

1C5E-C5 

.27£“10 0. 

w 


.35E-34 

L " 5 I 

15. 

0. 0. 


1C9 

• 36E-^C 4 

C?Ea 

.105= -C6 

. 1 7E“1 1 0. 

c 


.62E-C D 

M = SI 

- 66 . 

0. 0. 

0 

C25 

. 13E-04 

FC3-43 

104E-C5 

. 12E“10 0. 

0 


.35E-04 

L ^ 3 1 

-a. 

0. 0. 

0 

420 

. l3E-^04 


1 04Z-06 

. 12E“10 C. 

0 


.SEE-34 

lrsi 

-8. 

0. 0. 

0 

440 

.34E+04 

2A ^ 

355E “C 7 

.33E-11 C, 

c 


. 2 2 E - 3 5 

LI*.£^ 

12. 

0. C. 

0 

441 

. 34Z-0 4 

EA i 

o55E “07 

.3aE“11 0. 

c 


.22E-0 5 

L I .N E 4 

12. 

0. 0. 

0 

442 

. 34E-0 4 

EA < 

855E-07 

.33E“11 0, 

0 


.22E-35 

LI'.ES 

12. 

0. 0. 

0 

443 

. 24E-C 4 

EA ' 

C55E-07 

.3eE“11 0. 

0 


.22E-05 

L I '•LJ? 

12. 

0. 0, 

G 

445 

.343-04 

3A Y 

S55E “07 

.3e£“11 0. 

f\ 

V • 


. 22E-C 5 

LI‘iE» 

12. 

0. 0. 

C • 

446 

. 343^0 4 

EA Y 

855E-07 

.33E-11 3. 

c 


.22E-35 

LI ‘.£^ 

12. 

0. C. 

c 


o o 
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0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 


. 22 1 E-1 1 
.272E-10 
. 2725-10 
.272E-10 
. .7CE-1 1 
.272E-10 
. .6yE-l 1 
. .2 jE- 10 
. .23E-10 
. 28E.E-1 1 
. 23SE-11 
. 3CbE-l 1 
.33EE-1 1 
. 38SE-1 1 
.385E-1 1 
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.34E-04 

54 i 

.8555-07 

. 385-1 1 

0, 

0 


-22E-0b 

Lr.ti'? 

12. 

0. 

0 . 

0 

443 

. 34E+04 

BAY 

.855E-07 

.38E-1 1 

0. 

0 


.22E-05 

Lir-.ilR 

12. 

0. 

0. 

0 

Uo 

.42E*0 3 

C'.:3 

.72GE-07 

.27E-10 

0. 

0 


.27E*0 4 

l3s: 

15. 

0. 

0. 

0 

83 

.-2H-03 

CVS 

.7285-07 

.27E-1 0 

0. 

0 


.27E-^04 

L 95 1 

15. 

0 . 

0. 

0 

391 

. 12E-04 

tail 

.6755-07 

.905-1 1 

0. 

0 


.75E*C 4 

L 95 1 

- 1 7. 

C. 

0, 

0 

3 90 

. 12Z--D4 

TAI^ 

.6755-07 

.SOE-1 1 

0, 

0 


. 7 Z 0 4 

L95I 

- 1 7. 

0. 

0. 

c 

4-jO 

. 145-0 3 

E.EVC-- 

O) 

in 

1 

o 

•555-10 

0. 

0 


.895-0 3 

NO VEX 

10. 

0. 

0. 

0 

4b0 

. 14E + 0 3 

E LEVON 

.456E-07 

.56E-10 

0. 

0 


. o9£-»-0 J 

NCV5X 

10. 

0. 

0. 

0 

1 72 

. 3“£-0 4 

C95/. 

.3175-07 

.135-11 

0. 

0 


.245-Ob 

h4SI 

- 72 , 

0 . 

Q 

0 

171 

. 275*0 4 

C9E.V 

.3155-07 

.135-11 

0. 

0. 


. 24e*0 V 

H=>51 

-73. 

0. 

0. 

0. 

1-iO 

.725-04 

C9e.-; 

.3155 -C3 

.685-13 

0. 

0. 


• 465*0 8 

RCC 

22. 

0. 

0. 

0. 

1 22 

. 31 5*04 

A( I N 3 

.7615 -05 

.385-13 

0. 

0. 


.205*05 

RCC 

5. 

0. 

0, 

0, 
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.3*. E-0 4 
.2:E*05 

W I*.3 
RCC 

.761 E-09 

5. 

.385-13 

0. 

o o 

0 . 
0 . 

o o 

0. 

0. 

0 . 

. 373E-1 3 

151 

.23E-0-: 
. 15E + 05 

(* I *.G 

PCC 

.543E-C9 

5. 

.335-13 

0. 

0. 

0. 

c. 

0. 

c. 

0. 

0. 

0. 

0. 

•376E-13 

121 

.235-04 
. 155-0 5 

Hl\Z 

RCC 

.549E-09 

C 

.335-13 

0. 

0. 
G . 

c . 
0. 

c. 

0. 

c. 

0. 

0. 

.378E-1 3 

13« 

. 325-04 

C"5a( 
W I % 2 5 A 

0. 

15. 

0. 

0. 

0. 

0. 
0 . 

0 . 
0. 

0. 

c . 

c. 

0. 

1 35 

. 1 4E.-0 4 

C 3 E .V 

0 . 

0. 

0. 

0. 

0. 

G . 

Q 

0 . 

0. 


. 925-0 4 

a I V 03/.' 

21 . 

0 . 

0 . 

0 . 
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. 14E + 0 4 

C = 5.-i 

0. 

0. 

0. 

0. 

A 
w • 

0 . 

0 

0 . 

0. 


. 92E-0 4 

i* I N 33. V 

21 . 

0. 

0 . 






131 

. 1 4 = -0 4 
. 32E-C 4 

C-5a 
* I N 33 A 

0. 

15. 

0. 
0 . 

0. 

0. 

0. 

0. 

c . 
0. 

0. 

0. 

0. 

0. 

1 32 

. 1 4E-0 4 

C=5a 

C . 

0. 

0. 

0. 

0. 

0. 
0 . 

0 . 

0. 


. 92E-0 4 

w:n33a 

-40. 

0. 

0 . 
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. 14£.^0 4 

C9E.V 

C. 

0. 

0. 

0. 

c. 

0. 

Q 

0 . 

0. 


. 92E-0 4 

■<i/IN33/; 

24. 

0. 

0 . 

0 . 

W • 




totals 

.205-07 


. 337E-03 








AVERASE 

. 135-0 3 



.25E-1 0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 . 
0. 

0. 

.262E-10 
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12/07/77 00.13.3^. 

CRITICAL SURFACE NO. = 1111 

FIElD-OF-VIEW (SR) » 2.962 


SECT 1 ON 

SPECIES R 

'TURN FL 

ux 





early cut 

total 

\ OF 

Suvr/AK'*' 

(“OlECULE 

5/CM»*2) 






DLSC'tPTICN GASSING 


total 


CUTCI 

C'JTG2 


H2D 


N2 

CO 2 

( GV./ CM “ * 2 ) 




02 

CO 


H2 


H 

VVH\03 

(h:0LECULES/cr.l»»2 ) 



liner 

.76E-<'1 0 

0 . 

0. 


0. 


0 . 

0 . .1 3E-1 . 

. 1 3E-1 1 



C. 

r> 

w • 

0. 


0. 


0 . 

0. .76E+10 

. 7EE-^ 1 0 

3.5 

teflon 

. 14E-M2 

0 . 

0. 


c. 


0 . 

0. .23E-10 

•23E-10 



0. 

A , 

0. 


0 . 


0 . 

0. .14E + 12 

. 1 4E + 1 2 

63.8 

NOr.'EX 

.2££>i 1 

0 . 

0. 


0. 


0 . 

0 . .44E-1 . 

.44E-1 1 



0. 

0 • 

0. 


0. 


0 • 

0 . .2-3£-^1 . 

. 2GE 1 1 

11.9 

LRS 1 

. 32E+ 1 1 

0 . 

0. 


0. 


0 . 

0 . .53E-1 . 

. 53E • 1 1 



0. 

0 . 

0. 


0. 


0 . 

0 . .32Ef1 . 

.32E -^1 1 

14.4 

HRS 1 

.19E-*-10 

0 . 

0. 


0. 


0 . 

0. .32E-12 

.32£- 1 2 



C. 

0 . 

0. 


0. 


0 . 

0. .l9Et-10 

. 1 9E 1 0 

.9 

RCC 

. 1 9E+07 

0 • 

0. 


c . 


0 . 

0. .31E-15 

.31E-15 



0. 

c • 

c. 


c . 


0 . 

0. .19E+07 

. 1 EE *07 

.0 

3LKHED 

. 12E-*-1 1 

c . 

0. 


0. 


0 . 

0 . .2CE-1 . 

.2wE-1 1 



0. 

0 . 

c. 


0. 


0 . 

0 . .1 2E+1 . 

. 1 2£* 1 1 

5.5 

total 

.22E-*-12 

0 . 

0. 


0. 


0 . 

0. .36E-1C 

.36E-10 



C. 

0 . 

0. 


0. 


0 . 

0. .22E+12 

.22E*-1 2 

100.0 


and -12 to -18°C receivers. This approach for tliese Orhiter 
sources is consistent with the SPACE program logic. 

- 1 1 -2 - 1 

In summary, the deposition rate is 2.49x10 S*cm_ 2 *s_j^ 

for the lUS/DSP/radiator return flux and 3.9x10“^^ g*cm *s 
for the remainder of the Orbiter. The net de^osi^ion after 
the two hour exposure time is 2.07x10“^ g»cm *s or 2lX 
thickness for a unit density deposit. This is calculated from 
D = M/V where 


D = density, 


M = mass and 

V = volume. 

The above analysis corresponds to a first flight Orbiter. 
Because tlie radiator surfaces will be warmer than most surfaces 
during a mission, it is cov^ceiYable that the mass loss rate 
will be near IxlO" g*cm “ • s after an initial mission and 
will consist primarily of VCM material. Tliis behavior is indi- 
cated in Figure 7 which shows the mass loss rate is greatly re- 
duced after 24 liours at temperatures near 48 C which are tlie 
temperatures anticipated for the radiators during on-orbit 
ditioi^s. j^This would reduce the deposition flux to 8.94x10 
g*cm ^*s or a total deposit of 6A after the 7200 second ex- 
posure , 

The return flux deposition values for outgassing sources 
are shown in Table III. 

4.2.3 Engine Return Flux - The VCS engines are required 
for attitude control. It was established that the engines will 
not be required to be fired during the deplo\mient maneuvers 
since the drift rate of tlie Orbiter is within acceptable limits. 
Therefore, the only time period during which the attitude con- 
trol engines can contaminate the DSP surfaces is by the return 
flux meclianism during the in bay-doors open period wliile main- 
taining attitude control. Figure 10 sliows the engine location 
and nomenclature. Tlie engine, total firing time and return 
flux contribution are shown in Table VI II at the fixed attitude 


Users Manual, "Sliut t le/ Pay load Contamination Evaluation Pro- 
gram" NCR-77- 106, April 1977. 



ol tlu' mission. Tho tM\v’,inos ami firing times resultovl t rom 
evaluation ot aititiule aiul attitiuli* aiul resnltine, en^eine re- 
quirements by the mission .uul planning, sect ion at NASA-JSi\ 


TAbl K VI 1 1 


WS ENCINK K IK INC TlMt: ANP RETURN El.UX CON 
TK I RUT I ON 


Engine 


t">n r i me 


Keturn.^Flu^ 
g*cm ‘■•s 

Rate 

Total Rel,urn Flux 
g’cm 

'♦.7Sxl0‘*^^ 


-q 

3 . Ox 1 0 

'♦.7‘jxlO'’^^ 


-q 

3. iqxio 

1 . U^xlO’^' 


^>.?SxlO' 

P.05xl0"' ’ 


1 . I2xl0"*^^ 

^>.0Sxl0'^ ^ 


^).77xUr‘ ^ 

-q 

1 . U>xlO 


1 .31x10''^ 


rOTAl. 

-q 

8.03x10 


Only the engine eltluents that eontribute Cireetly to the 
.;olumn densities have eoiulensible tractions in them capable ot 
being scattered to surtaces in the payload bay. I'he traction 
that is i t'llecti'd ot t ot the wings deposits the condensibles 
on the wing surtaces ami, therefore, does not contribute to th 
coluiim densitii's. The return t lux values in Table VI 11 re- 
tied onlv a small traction t0.002) of the total engine eftlu- 
ent that is capable ot coiulensing at PSP temperatures. This 
fraction is the MMll-llNf'^ that has been obsi'rved i«i tesjjing. 
riu' results show that less than one angstrom (S.b3xl0 g*cm 
O.vRbX^ ot ».leposits occur on surtaces facing out ot the bay 
normal to the Z axis. The same altitude and attitude wer»' use 
fi>r the engine return tlux as for the outgassing return flux 
in th«.' previous section. 


•'♦.3 Pt'p 1 ovment - I'he deploymeiU scheme is shown in 
Figure S. The depi'sition t rom Orbiter surtaces iluring this 
perioil was less than an angstrom in all cases. This was pri- 
marily due to the short exposure duration at each deployment 
position. I’he deposition was calculated by simuning the pro- 
vlucts ot the source outgassing rate, the viewfactor between 
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tlu' soiirco .Mui rocoivor ami tho comk’nsation coo 1 1 ic iont . I’lio j 

rosulting dopositii>n on tho critical DSP surtacos is shown in r 

Tablo 111. A basic soparat ion manouvor is por formed at tho | 

last position by tho Sluittlo Orbitor forward tacing noso loca- 
tion attitude control engines. Because of the relative loca- 
tion of the DSP surfaces and the engines, no net deposition re- 
sults. The return flux on surfaces during deployment can be 
approximated by multiplying the in bay return ilux rate by the 
exposure time at the different deployment positions. This 

would be a maximum case and results in only an angstrom or : 

less of deposit. | 

4.4 Off Nominal - The off nominal periods evaluated were f 

the 4.5 hours (nominal one hour) in bay-door closed and 24 

hours (nominal 2 hours) in bay-doors open. For the in bay- \ 

doors closed case, the deposition would be ISX lor the baseline { 

case assuming the mass loss rates are linear with time. The in 

bay-doors open values lor a 24 hour exposure would be a maxi- j 

mum of 72 X for surfaces facing out of the bay normal to the 7 . 
axis when referring to Table 111 and assuming the rates are 
linear. The additional off nominal condition that was investi- 
gated was to vary the velocity vector orientation of the atti- 
tude and, thereby, change the return flux magnitudes. The 
nominal case and the variations analy:'.ed are shown in Figure ll. 

The results indicate that by changing the velocity vector orien- 
tation so that it is 120 degrees with respect to the Z axis, the 
return flux can be reduced by a factor of three. If this were 
done for the 24 hour off nominal, in bay-doors open case, the 
deposition could be reduced from 72^ to approximately 24A. 

4.5 Represent at ive Payload - A six sided box was used as 
a representative payloail to determine relative flux levels 
from the Shuttle Orbiter and lUS during periods in the bay and 
during deployment. These relative flux levels will indicate the 
potentially most susceptible surfaces on a payload. 

Figure 12 shows the position of the box (1.22 meters 
square on a side) relative to the lUS, the in bay position and 
the two deployment positions at 3.66 and 7.62 meters out of the 

bay. The node numbers of the box are also designati’d in the j 

figure for correlation to the results shown in Table IX. I 
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7.62 Me ter (23 FOOT) DEPLOYMENT 


Figure 12 Representative Payload Description 
and Location 

♦ 9 


TABLE IX DIRECT FLUXES, g*cm’^*s‘\ ON REPRESENTATIVE PAYLOAD 
SURFACES 


Surface 

In Bay 



1150 (AFT) 

-12 

0.5x10 

0.95x10"^^ 

0.97x10"^^ 

1151 (DOWN) 

-12 

0.65x10 

0.32x10“^^ 

0.34x10'^^ 

1152 (Y STARBOARD) 

-12 

0.94x10 

0.24x10’^^ 

0.98xl0‘^^ 

*1153 (UP) 

-13 

0.19x10 

0.0 

0.0 

1154 (Y PORT) 

0.94x10"^^ 

0.24x10'^^ 

0.98xl0‘^^ 

1155 (FWD) 

-12 

0.55x10 

0.37x10'^^ 

0.18xl0“^^ 


-11 -2 -1 

* Return flux could be as high as 3.6x10 g»cm *s for the 
upward facing surface while in the bay for the attitude used 
in this study. The return flux is a function of attitude 
and altitude and will vary for different missions. 

The Orbiter temperatures used for the lUS/DSP study during 
in bay-doors open and deployment were used for this analysis. 

The results indicate that the Y facing surfaces receive the 
highest direct flux while in the bay. Not included here is the 
influence of return flux which would be highest on the Z (up- 
ward) facing surface. The magnitude of the return flux will be 
strongly dependent on the temperatures of the Orbiter, the orbi- 
tal altitude and the relation of the velocity vector with re- 
spect to the payload bay. 

From Table IX, it is shown that at the 3.66 meter deploy- 
ment position the down facing and forward facing surfaces re- 
ceive the highest flux. At the 7.62 meter deployment position, 
the down facing surface receives the highest flux. Both the aft 
and down facing surfaces have an increase in flux out to 7.62 
meter while the others increase and then decrease during deploy- 
ment except for node 1153 which views up. 

Tlie sources considered for the representative payload were 
the payload bay area, including the lUS and all external 
Shuttle Orbiter surfaces. 




.♦.(•> Ko suits Su’.nmarv - rublu X summar i ;:os Lho basolino de- 
position predictions tor the titteen critical PSP surtaces. The 
results inclmle the reduction in VCM available by therinal 
v'vicuum testing oi pavload components and previous flight ex- 
posure of Shuttle Orbiter surfaces. The values in Table X are 
considered as a realistic prediction for the DSP spacecraft. 

5.0 Ct^'CU’S ION’S 

The following cotw'lusions are a result of tliis study on tlie 
deposition levels predicted for PSP critical surfaces. 

• riie total pressure of gases in tl,u' payload bay during 
the doors close*! period is SxlO Torr. 

• The mass input of VCM material into the payl^^ud bay dur- 
ing the door clvjsed case i J. 17x10 g*s or equiva- 
lently 3.bPxlf' ' l\'»rr*l*s 

• Previous flight exposure and thermal vacuum testing of 
nonm.e t a 1 1 ic s s ign i f leant ly reduces VOM content and VO! 
mass loss rate. 

• Penosition o»: all PSP sun aces during in bav-doors 
closed, periods is -♦A for the one hour exposvire time. 

• Maxim.um v'alues ol return flux from, outgassing sources 
on upward (Z facin.g'' surfaces is eX for the two hour in 
bay-doors open exposur*.' time, 

• Pirect flux i rom bay surfaces during t'ne period in bay- 
doors open is less th.m one angstrom.. 

• Return flux t rom attitude control eiigines is less tirm 
one angstrom during the in bay-doors open period. 

• Pepositiv'»n during deploNmient is K'ss than one angstrom 
oi'j a 11 PSP c r i t ic a I s u r f ac e s . 

• Varying t!u' angle ot attack (v* locity vector orient. i- 
tion changes'* can s ign i i icant ly reduce return 1 I ux 

I eve 1 s . 


TABLE X 


S UMMA RY - DE P OS IT ION 


Node 

Nunber 

Description 

In Bay-Doors 
C losed 
(3600 s) 

In Bay Doors Open 
(7200 s) 

Station 1 
(69.5 s) 

Station 2 
(193 s) 

Station 3 
(387.5 s) 

— 
Station 4 
(193 s) 

Station 5 
(74 s) 

Total 

Base- 

Total with Off 
Nominal Doors 
Closed 
4.5 Hours 

X 

Total with Off 
Nominal Doors 
Open 

24 Hours 

X 

DSP 

S-rfece 
NoBcnc leture 

^ Diffuse 
Flux 

Direct 

flux 

ft 

Return Flux X 

** 

Direct 

Flux 

X 

** 

Direct 

Flux 

% 

»♦ 

Direct 

Flux 

% 

Direct 
F lux 

i 

*'* 

Direct 

Flux 

i 

line 

Mission 

% 

Out- 

gee sing 

ves 

1110 

Solar Arrays 

4 

.045 

6 

<1 


.0053 

.034 

.012 

.0085 

10.1 

24.1 

76.1 

1111 

S 'er Arrays 

4 

.032 

4 

<l 

.0042 

.016 

.02 

.012 

.0023 

8.1 

22.1 

55.1 

1112 

So^ar Arrays 

4 

.031 

0 


.0041 

.0093 

.0057 



4.05 

18.05 

4.05 

1113 

Solar Arrays 

4 

.032 

4 

<l 

.0042 

.0028 

.00011 

.012 

.0023 

9.1 

22.1 

55.1 

1153 

OSR 

4 

.00017 

6 

<l 


.000031 

.0042 

.0022 

.001 

10.1 

24.1 

76.1 

1157 

OSR 

4 

.043 

0 

0 

.00087 

.0024 

.0045 

.0017 

.00022 

4.05 

18.05 

4.05 

1161 

OSR 

4 

.017 

0 

0 

.0012 

.0022 

.0012 



4.02 

18.02 

4.02 

1165 

OSR 

4 

.042 

0 

0 

.00058 

.00063 

.000098 

.0027 

.00048 

4.05 

18.05 

4.05 

1180 

Star Sensor 

4 

.18 

0 

0 

.0011 

.0030 

.011 

.006 

.0011 

4.2 

18.2 

4.2 

1190 

Star Sensor 

4 

.072 

0 

0 

.0027 

.0056 

.0093 

.0029 

.00084 

4.1 

18.1 

4.1 

1210 

ABL 

4 

.00036 

0 

0 

.00027 



.0009 

.00017 

4.0 

18.0 

4.0 

1145 

Ring 

4 

.02 

6 

<l 

.00049 

.00068 

.0012 

.001 

.00023 

10.0 

24.0 

76.0 

1146 

Ring 

4 

.013 

6 

<l 

.00022 

.OOC26 

.0013 

.0015 

.00037 

10.0 

24.0 

76.0 

1147 

Ring 

4 

.015 

6 

<l 

.00033 

.00024 

.0004 

.0011 

.0003 

10.0 

24.0 

76.0 

1148 

Ring 

4 


0 

0 

.00052 

.00062 

.00053 

.00076 

.0092 

4.01 

18.01 

4.01 


A first flight Orhltcr Would Result In AsX During the In My*Doore Closed Period 
* for s first flight Orbiter the outgsssing return flux will be 2lX on surfeces 1110, 1IS3, 114S, 1146 and 1147 and IsX on surfaces 1111 and 1113 
Return flux during deployvent is less than one angstroa 
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• Off nominal, 4,5 hour in bay-doors closed period, louK! 
result in 18^^ deposition on all DSP surfaces, 

• Off nominal, 24 liour in bay-doors open, period could re 
suit in 72 %. deposition on DSP critical surfaces facinp, 
out of the payload bay, 

• A first flight, virgin Orbiter would increase the depo- 
sition by 4lX for the in bay-doors closed period. 


